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PROBLEM TO BE SOLVED: To safely obtain an n-type gallium 
nitride single crystal substrate that has an arbitrary carrier 
concentration without use of hazardous silane gas by adding 
oxygen as a dopant showing the n-type electronic conduction and 
allowing the substrate to have no part made of another material. 
SOLUTION: A mask is fitted to the substrate of GaAs (1 1 1) and a 
window positioned at the top of the equilateral triangle having one 
side in the [11-2] direction is attached to the mask and the GaN 
buffer layer is grown by through the HVPE process where H2 is 
used as a carrier gas, and GaN is formed reaction of the GaCI 
(from Ga and HCI) and with NH3, or through the MoC process 
where H2 gas is used as a carrier and GaN is formed by reaction 
of GaCI formed from an organogallium compound and HCI and 
with NH3.; Then, the GaN epitaxial layer is thickly formed over the 
thickness of the mask by the HVPE method or the MoC method 
by using HCI containing O or water, NH3 gas, H2 gas as a 
starting and/or carrier gas. Finally, GaAs substrate and the mask 
are removed. 
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S 6fc n U 7IS«»Lft G a N 

[0 0 3 2] 

£^3« LT8£H&tf#£ft5 0 COISiRtf G a N&A 

stilts n s f-a> h fc Lxmm-% c 

[0 0 3 3] MiifHVP Effi KMffifigSS) 

JfifbkJRHC K r>t-7NH s T'fe^c 8£ 

aNxtr^>+;I/«ttnS!T**. MfWXfc^tl 

[0 0 3 4] G a NS B B Bt^T^*^nSF-^>F 
-PifctK -«0Wt^^#ipL4< Tt nlOfiltt* 
^fo i:v^5ttGaNO£l|S*Sftfi:#ASfc:{iJS 

Ai©i**^iiS^tLT$snTv^©-efe§ 0 

W5G a NtK^Tf5I©gfJt>4V^©Tfen««© 
fc J: WfflWtf G a N © n a F-^ > F t LTSItl L T 
[0 0 3 5] fCT-nfG a NS«^ LT(± F-^7 h 

tbT»*^ffl-r5o citiA^iewot^T^ao i 

J; 5 1 n m ¥~^y b t LTJhZ 1 0 0 
T«nT^5i:@5*T?feSo F^— Wi^ffM-T 

§©Tfe^9o 

[0 0 3 6] L^feJA^SSHT»«S^ffitW^ 
1"o 1X1 0 1G cm" 3 ~1X10 2 ° cm" 3 ©fg 

ntJ:oTff6nSnSJ|fiO*+y7aafci:, lxi 
0' 6 cm" 3 ~l x l 0 20 cm" 3 £%% 0 

[0037] mwxtLx^mm^imLm^ 

c©^, ^^;USo^»t«fct)S}|*^*t 
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s c wn^m^&m, mimmm^m^x 

li n * V 7&m LYt-tKZC ttfbfri X^ 

s 0 sfe, ^#p,©w^tcfcntfK*sg^is< i x 

10" cm" 3 W±fc&S^ 7* b;t/5*>y-tr:yX 

Rlifiiixio" cm" 3 i?SL<(±10 
' 7 cm" 3 WTfcfflflHtSOtfSSU^ GaAsi 

O7C 0 

[00 3 8] 

M©Hffi©M G a NOlf^->tM5M 

1 . H V P E (Halide Vapor Phase Epitaxy) mtifafS. 

mm 

2. MOC (Metal lorganic Chloride Vapor Phase Ep 

itaxy) Mmmmmmmm 

3. MOCVD (Metal lorganic Chemical Vapor Phase 
Deposition) #!&MCVD& 

4. 

[0039] mmwmmm. g a^js*^t-r 

S 0 G a+HC I ->G a C 1 fc^SSST— fiG a C 1 
7^-7NH 3 hGaC 1 ©EJSK<fcoT, 
GaN%£$1-So GaC l*ft5©T?ttft;ttl:V->5© 
■e*a 0 M0Cf3:Ga©;fit£«Ga (CH 3 ) 3 £g 
nt?Z> 0 Ga (CH 3 ) 3 +HC l^GaC 1 fcW? 
SSU-flGaC 7>^-7NH3 fcGaC 
l©aStJ:-3TGaN*^jjit«o £ tlic J; o T G a 
A s Sfi±t 9 0 0 iCtLhOiftfiT*, BSiBMOG aN^ 
x k° if * s/ -v 2 -ex ^ § © fi# ffiSA/ctf ffc 

So 

[0 0 4 0] MOCVDgaG aO^fS^HG a (CH 
s ) 3 ZWMttZo NH 3 fcEJg£®EStfT, Ga 

(CH 3 ) a +NHs -^GaN^tdSJS^Eil^^ 
So G a NOXtf **-> + ;Ptfftttgfc»£c:©£afc 
<fcoTfTfeftTV>5. 

[0 0 4 1]*»1, 2<DmMmt%. bfrb 
gfeMilfcfrfcmVS 3 ©M0 C V DSfcttWttfc 

9o b^fc-BG a C 1 *ft*fc^5lgtfftl/\i ^© 
fcftfc, Wffl&«0«#^T-&5&*tfGaNxl?* 
+^ + ;I/«KiiAf5o W^MSfc, K3S«g%l 0 
cm" 3 WTtcffi^flOiSi.gOG aN£t#<J;? t 
■fSfct, MOCVDteTttjSffiSStfltifT, gft 
WfcHVPEft, MOC&fc*fftT?£fcl,\, KltnS 

^iH± P s©^«fttbT{tffl-r5e>b^o rjr^s 

ftStHfiS (nS*+U7) t»$5©^tlEit« 



(6) #P*l2 0 0 0-4 4 4 0 0 

10 

EfttELK^ (10' s cm" 3 WT) #&T?&5o K 
IWG a N*T«t^fr%Sl^fc&S©ftHi:*£tt 

i 5 n -V U 7ftW«D*ff t ft 5 o 
[0 0 4 2] ^n^A, *f§HJ?«\ G a C 1 £igftbT 
GaN*4dt-f5HVPEffifrMOCffiAWSo 
ftfe&fctfG aNfc$ofc<££ft&^frffi£<Sfrb 

10 So SHWfclil K-7!£ J: D n + U 7£M?-<r 

[0 0 4 3] H**K-^rSfe«)t, 
i!%fiJffl-PtSo &*>ffX, 7]<^JSR^X©l^fntct 

®tf&So MOCtHVP EfeHC I jff*%JB^8o £ 
Bttt**+HC l fcbTffl^So 7>*x7NH 3 fe 

20 c © 3 ait©mm4© 5 -6H C 1E» 

X* **^S*50*»fe^«n?*5. ax, H 
C lfc^ftlS^G ai:S, Ga^«#StSJSbTG 
a, 0WU fcfttG aNjgil^Mra&fcEtJ&S 

[0044] sfc, fflfcM5*K-^rsoic^»ft3Er 

a*tf**ci:*WBbfco NH 3 3?*tt, NHs +?J< 
**'XtbT, 7j<*73'XT-#fRbTffl^So C.<DfiZ$> 

30 **t*fc^m ses, 7k%^A,/c7j<*^*, 7> 
* x 7 Txz t g£-f s c fc *) tmtfi h § o 

[0 0 4 5] *58WK:«fcoT, G aN|g B H B £lb, iSH 

AMxio" cm" 3 ~1X10 2 " cm 3 ©I6H 
■Q-oX. nS+tU7iiJt^l X 1 o' 6 cm" 3 ~1 
X 1 0 20 c m- 3 ©IeH©G a Njgfl%f^S$)b^t 
S„ »?M, +^ U 7«fif±jff $ b < f± 5 x l 0 ' 7 
cm" 3 ~5xi o' s cm" 3 T'SSo «t5ffS b< 
ttixio' 8 cm" 3 ~1X10' 9 cm" 3 T*fe 
40 S„ +^U7SJS^Kv^aSi^T^0MffTfeSo 
-73, »SfiA^t^S fcKgfitt^fiTt So 
[0 0 4 6] GaNtt«^7Tt'^afi©±tM0C 
VDffit«fcoTO<P)nTV^Co ^©l^nSyF-7^ 

has i -pftt), pyyfiz (s i ) tfY-^y? 

XZtLxmt>ti&o Li?Lvyyi37s\$im%.13^X 
SSo *58W(4*0«t54fe»4^*«!5»4<na 
G a NSft*0< Su fcsb^t So ItliXsmT&fflfi 
5SitfGa N^lSS^lcJgA-rSo feSVHiJlfi^X 
WfW&t bTG a NS B B H cfitgA-rSo C OlliHS 
50 »T-^So G a N*© S i ^Wl^ffiStS C ttm 
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Md£ 0 ixio cm" WTefcScfcsftfcB 
[0 0 4 7] 

[sIMO K»U : GaN/GaAs : HVPE 
& 3«S©H C 1 #X] G a A s (ill) AffiSfi 

±c, s i o 2 t«»Hfk:ffMLft 0 7*huv? 

77^£J;o T&K©&£ WW fc ^i&fStt ft VX * % 
JMLft (El) c &K©&— 3ti2 jimfcTfifcSo G 
aAslIO<l 1 -2>£ffi]£4 /imbfyf- (=d) 
T*l?IJfcM^5 0 *OJ!IA»6 3. 5/im(=3" 2 d/ 

2) mtimwmvyj-t^T, m^v?m<D* 

(GaNA 7 7rS) 
(GaNxt^v-^wWf) 

[0 0 5 0] C©^gOSB(BtfeV^TVX^O« (2 p 
mS) <D*OG a A sgffi±£ffliLftG a m$k®m 
tfTtS, «fr53fc£fcG a N|£HtfvX^±£ilffi£ 

A s fcBr)£©£<ail8ffifc*a (B2)„ 
LfttfoT7^Jf«jS*STtT<o iBJi<D2F<&H:Srt 20 

SlSLT^SLftG a NlSHtfJgMti* J: 5 tftS 

I&tfo T*ft O^gftiit S 07»tt®{4»OKO i a 

[0 0 5 1] LOtlifHVPE (HAL IDE VAPOR PHA 
SE EPITAXY) ffifc^^Ofi, «EOSJ£^SPtGa^ 
*;l>*Atifcsp- h £Kg U Gatf-h*800 
±fcin*U,T*t , HC 1 #X£ifltLT, GaCl^ 
J5EU atRfsfififciKEStiT^SNHji iiKlS?^ 

[0 0 5 2] l5tWOgI«^t. KfiOSJS 

i <dmd izttmmt-z 2^weti?» 0 sisjp 

l©±/5fcf»WXAPt3, 4tf|£L&3:ftTV 
5 0 &^©JlS^XAnt3cDilTtGa?S5^fe 

§c d c g a 6 A^iweiixs^n^o mp 1 

©T££ti\ ^-te7* 7t^>+7 h 8(Cj;^T#K@fE 



(7) #12 0 0 0-4 4 4 0 0 

12 

* mm* i ^jtM^^o wTHtto« mh(o§Mm 

t<\ l-2>^t-a%feO-a4 /imOIEZftJg 

[0 0 4 8] HVPEStiO, 154 9 0°C© 

ffififcfeVT, VX^/GaAsO±tGaN*»6a« 
/Vy77«*8 OnmMLfco ?5£#SL9 2 0°C 
-1 0 5 01CO»afc«V»T, G a Nxe*^>+;H 
£»2 0 0 jimO|2HcMLft 0 
[0 0 4 9] oSDjSft^ffa 

4 9 0t 



8 0 nm 

9 2 0 °C~ 1 0 5 0 °C 200/xm 

-YKVPEfc^dO-ffft*. Ga^GaC 1 fcft9 % =£ 

7>^7NH 3 fcJBVS. ?-©ffl©^}£T'fc7>tx 
7^a*(i^i:7fe§o 

[0 0 5 4] Ct?HCl#;*l4o3f©3«l©t>©* 

(a) 3F«ttfcLTzk*fi2 0 00ppm^«HC 1 
#X 

(b) T-m%StLT7$<m \ 5 0ppm#A,ftHC 1 # 
X 

(c) mmmmhTzmmmnz 1 #x 

[0 0 5 5] Jtao±5lCHC ljffXHxRWWfcLTffl 

[0 0 5 6] GaAs^x/N*fijapiP5«lOWr^ 
30 ^ffi«tGaNl^31^*ffMbTbTV^ft 0 cntt 
GaN/GaAsffim§4^, IzkKAnT, Ga 
AsS«£gjSB£SLft„ gbfcOttGaNJg-eifcSo 
CftliJPS#$2 0 0 pm&5©^gid&T?*5o Ga 

NSi^iienftOTfeSo m&m 

^OGaNSfifc-TSilk^tSo 
[0 0 5 7] HC lfcOl^T (a) ~ (c) ©&ftT?« 
»fe©G a NSfcfcftSU 1IM0 k + + U 7»g 
n£iJ£Lft 0 mmmmZS IMS (Secondary Ion-Ma 
ss Spectrography) fCfc^Tiffl^Lfto Cftte^ffitttf 



sg^Stt t j: r> TKStg i^nTv^s. mwx ap 

3<P6, HC 1+Hz fXi!)lA?n§. cntfJfflBtt 
il©Ga 6kgST3 0 H*WXAP4fr^ 7>t^ 
7NHs +H Z ^'XA^A^tlSo 
[0 0 5 3] 2Ga + 2HCH2GaCl 

+ H 2 T'feSo ^«Ga%Jg^kf5o ^ST'SoTM 

G a C 1 %ff5 0 cnt4BlT?ttlftfc4»)**fc:«J:o 



©T'feSo +t'J78fittHa 1 l80l£fC±^T^3o 
[0 0 5 8] iILf;HC 1 tfXfcfe&ig, *li££ft 
T^5„ £ft+-v'J7#X©7j<JSfct>lSS, 7j«^# 

t#tn§ 0 ^-5 V^lRt? (c) ©HC l^ftGa 

[0 0 5 9] [H»!l2 : GaN/GaAs : HVPE 

7j<gjjjpHc i t^x] mmw k^c^atioTG 



Tl^dk^T^So ««©GaIMS^5^?>7>7 50 a A s »fi©±t G a NlSH^ff »Lft 0 oSDv^ 
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*€oTHVPEj£fc«fc»)G aN/^77ltGaNl 
^^*'>+;H*4jStSkV»5jSttRIi;"Z?ft*o HC 
1 #Xtf'>L85c H C 1 U7fc LTO** 

fcKSSfcG a C 1 fc^i-esc fc'tfTtSo 
[0 0 6 0] (d) «0jiL»«LfciS*figHC 1 #X 
(e) S*yc*Atife^7v*7jc|R^t«}:oT^^U 

[oo6i] cm 2mM<vfixzmmm?U£L 

tcfiX (d + e) HC 1 fiXtLxnmtZo HC 
1 fc#TS*©J£$£ 3 0 0 0 p pmWTOlSHT^^ 
fc 0 OS?), H 2 0/HC 1 =0~3 0 00ppm©® 
Hlfiffl*«lcaft*€fe. $&© 2 G a + 2 H C 1 -» 2 
GaC 1+H 2 ©EJStfe^TzktffcSfrfu liltfG 
a C 1 O-gpt SA-TSo S?*% F-A> h t bTfOffl 

[0 0 6 2] [HMIJ3 : GaN/GaAs : HVPE 

&, »hc 1 #x] $mmit®\:mtc£vT 

G a A sSfi©±t G a NgUfcftfflLfc, £=fc«# 
ff»*WT*V^^*ffioTH VP EftfcJ: 5 G a NA 

ttHIU-p**. »J<fS (HC 1) #Xtf'>Ut? 0 H 
C 1 ;ffXfc*H»fca*ff;**S£*So H C 1 tfXfc 
J: ?T B «**HWfcG a C 1 t^S 

[0 0 6 3] (f) ilDELfSSL/cflMfiHC 1 #7> 
(g) ffiNAttStfX 

[0 0 6 4] en?. 2a§t©#X%13%tW?§£L 

(f + g) *, hc ifiztLrmmzo hc 

1 £ttt5&M<Dli&%3 0 0 0 p pmWT©«SfflTg 
OS 19, O2 /HC 1 = 0~3 0 00 ppm©fE 
mTmmcmt^^Tco m>V 2Ga + 2HCl->2 
G a C 1 +H 2 oaStfel^TWR^ftSfrft^ Hslff 
G a C 1 ©-gptlA-TS. 

[0 0 6 5] mm&l4 : GaN/GaAs : HVPE 
8, «0 N H 3 #X] HMJ lfcBUSStioTG 
a A s Sffi©±K G a NJSififcftSLfc. OS 5 , VX 
^^fctHVP Effifc £D G a lW'y77flfcG a N 
x t£ £ + -> + ;H £4$ 1 5 1 ^ 9 * TttlS] D Tfe § „ 
NH 3 #X*St9o NH 3 #Xtt, ++U7A*XfcLT 

[0 0 6 6] (h) «05IL««Lte»«aNH 3 ffX 
( i ) fi^7K^Atl/c^7"^%7j<*^7,fcJ;oT^^U 

[0067] cne 2WH©*x*asftit* , pg^L 

fctf* (h+i) *7>^x7^i:LTffiffltSo £ 



(8) #12 0 0 0-4 4 4 0 0 
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&gBa<, ^©-gwcoi^^T^a^fj^o ^ 

Ol^Sfc^-frfco 7> : e-7#X(p07j<<D 
M5ppmi^, 5 0 p pmf tWcZQfre NHs 

tfaattis-eoHc 1 jtrxttfc^^itffifflfsfc 

#K 7>*x7#X$fc#8:#5*©ia^4<'?£ 
^0 LTfettlSW^Wt, GaN^fcfiX<?jAf 

ft* ci: t>fc 0 
[0 0 6 8] : GaN/GaAs : HVPE 

10 ft. 1«0NH 3 t3X] Ulil tUl^St^T 
G a A s S«©±t G a NfiH£ft§y L/c 0 ^SD, v 
X 7 r H V P E S fc i t) G a N/Vy 7 7 1 1 G a 

n x if * + ^m^m £ t 1^5 *T-{±M1 U-Pifc 

§ 0 nh 3 nh 3 jszwmmmmzux 

OliMOppmOfeO, 1 0 0 p pm©t,©£{£fflL 
fc 0 NH 3 #XH\ ilftf?©HC 1 #Xfcit^A*c 
ffiffltSfeftx 7yt-7#X.i£©^gl©l(;Jy>&<-? 
*«. 

20 [0 0 6 9] H6fc!UMHl~*tfl5lCO^T©3 8 
©M**(CO^T©I9SlS/*t U 7ia©iJ£ISH^ 

JRB£0 (cm- 3 ) T*&3o I»tiJ7ifin 
(cm -3 ) T?&S 0 tt&^«ttO = n®Sfln*& 

±fcfc2O0j n WH&S. Tfcl4 4^»5o 0 = nit» 
0±fctt3 2 0jStf»So il£jS* l *#0 = niOllC^ 

AM 0 0%T^§ili;%*;tt'r§o J tft^ftTft<, 0 

< n mz&<Dj5m^<Dmmr£mmm±. 1 o 

0%%fi^.§ o 

[0 0 7 0] 1 0 0%*fflA«Otta*l45h!»»6 

S JUSmmtHa 1 liJ^fiH©MtEH 
1 3»?Ufc J: HA^^USo LEI 6 <D9tiffi 
+ + U 7lgn*WlS0tMlJ1-S <! 
t«W^§o oS»3ig|»gtJ;^T*+U7»g*{BI 

anf*«fc^a*Tft5o ixio' 6 ~ixio 20 
40 cm"' <Dfc\,^m\z^T*\v7\mM.mmtz>c 

[00 7 1] ¥>PW^c;i3^T^ U 7«fit±««k: 

ta^O-P* « 7b\ H*gg^iJ/g LT*T»4» o fc C 
< ofr&5 0 l*©];»-£-pS§ a ~ c ©^ 
f ft^©H C 1 ^*Tt, G a NSffi©rtg|5tl 

0iisft5itss*{±-«T*ft^ o jiii©hc 1 mmm 

50 #ST§o GaNOdtfififiT, lSS36fiv^ »?1 
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m^n^§mm-Do ? e. t m vm^&m&rz 1 1 

[0 0 7 2] £Lh«Djgft{±, H V P E j£ Kg*B 

(MO Metal lOrganic Chloride) fc 
X-oXG a A slfeitGa NfiS^SS-frgfilgi: 

(CHs ) 3 ICHC 1 #X*3TT, GaC 1 
j£U cntTVt-TNH, mmiE^T, GaN£ 
0< 5tOT?*«. gSRUG a C 1 %tt3l!S|g-ea#2 

tu g a mihiam<i&%nmimsbT'p%\,\ 

[0 0 7 3] 

mom] *mmz, mmfiGiUK^xnme 

tWhtiZm^MzLT^Zo G aNlSUfc^iASn 
OnSGaNSS^«f5Cfc#«Tt5. SifcK- 

[01] G a As (1 1 1) AS%SffitLT^©±t 
[02] VX^O±3b»6GaNxtr^4 1 S/+;HSfiS-B:* 



(9) #12 0 0 0-4 4 4 0 0 
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* 5 1 VX * ^Kx. TlSLfc t £ G a N #IE/tf & 
[03] VX?g#£jffi*fejggL;fcIEAft}g©GaN 

[04] GaN®xe*:^>¥^j&§0»g;££5feL 
feHo (DliGaAsifitTX^ftg, 
( 2 ) ti V X 7 0&0g|5# fc G a N ^ y 7 7 » £$5 $ 
€£0 O (3) tt?5tGaN*itai?-&fc0o (4) 
10 ttXyf-y^fcRSLfcH. 

[05] HVPE& Ffffi^fiSO 

[06] GaNjgffi^OlBSilg (cm -3 ) t+^'J 

7«a (cm -3 ) mmmyyy. 
issr 

20 5 Ga?g 
6Ga 

8^7 h 
9 G a A s Sfi 
1 0$«P 



[06] 



(10) 



#12 0 00-4 4 4 00 




(11) 



#12 0 0 0-44400 



[05] 



Htt,+Hj HC^ + Hj 




Rmmmsmit-T b i # i m&m mmmwm jt-T g i s i ^fisn 



